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I.  INTRODUCTION 


It  was  the  observation  of  Owen  Steir  that  seven 
infants  with  cleft  palate  were  horn  at  term  but  had  a 
lower  birth  weight  than  the  ’’average  infant”  (1).  Whether 
this  was  an  incidental  observation  or  a  significant  fact  was 
of  interest  because  it  suggested  intra-uterine  growth  of  the 
fetus  had  been  impaired,  perhaps  by  the  same  factors  causing 
the  cleft  palate.  The  following  studies  were  undertaken  to 
learn  if  intra-uterine  growth  retardation  was  associated  with 
circumstances  causing  anomalies,  such  as  cleft  palate. 

Within  the  past  twenty-five  years,  experimental  evidence 
has  accumulated  indicating  that  various  disturbances  of 
mammalian  fetal  environment  will  result  in  predictable  con¬ 
genital  malformations.  In  1935?  Hale  reported  on  the  rela¬ 
tion  of  vitamin  A  to  anophthalmos  and  cleft  palate  in  pigs  (2). 
Other  insults,  including  maternal  vitamin  deficiencies  and 
excesses,  x-rays,  Infectious  disease,  anoxia,  injections 
with  certain  chemicals  and  hormones  have  also  been  shown  to 
induce  congenital  anomalies  (3  -  12).  These  workers  have 
demonstrated  a  number  of  methods  by  which  anomalies  could  be 
induced.  For  the  purpose  this  study,  rats  were  chosen 
as  the  experimental  animal  because  their  fetuses  are  five 
times  larger  than  mice,  and  according  to  the  method  of 
Woollam  and  Millen,  cleft  palates  were  induced  in  100)i>  of 
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the  offspring  by  using  excessive  closes  of  vitamin  A  and 
cortisone  (13).  In  the  present  study,  an  attempt  is  made 
to  substantiate  experimentally  in  rats  that  the  congenitally 
deformed  offspring  are  born  at  a  decreased  birth  weight  and 
length.  In  addition,  the  weights  of  a  large  series  of  in¬ 
fants  born  with  cleft  palates  at  the  Grace-New  Haven 
Community  Hospital  were  reviewed  to  see  if  their  weights 
were  indeed  significantly  lower  than  the  normal  human  in¬ 
fant  . 


II.  MATERIALS  AND  METHODS 


Female  Wistar  strain  rats,  without  previous  litter, 
weighing  200-350  gins,  were  mated  overnight  to  males  of  the 
same  strain.  Exposure  to  males  was  allowed  8:00  p.m.  - 
9 :00  a.m.  only  during  the  oestrus  stage.  This  stage  is 
characterized  by  a  vaginal  mucous  membrane  that  is  dry, 
lusterless  or  white  and  usually  associated  with  turgescence 
of  the  small  radiating  folds  about  the  vaginal  aperture. 

The  vaginal  smear  at  this  time  shows  only  cornified  cells 
and  no  leucocytes  or  epithelial  cells.  Females  in  heat  ex¬ 
hibit-  a  typical  behavior  which  consists  of  hopping  about 
intermittently  and  the  head  is  shaken  so  that  the  ears 
quiver  with  a  fine  vibrating  movement.  These  signs  are  in¬ 
dicative  that  exposure  to  the  male  at  this  time  will  result 
in  impregnation.  The  morning  following  exposure,  the  female 
was  examined  for  a  vaginal  plug  (see  Fig.  1  &  2)  and  if 
found,  the  date  of  the  morning  of  exposure  v/as  considered  as 
day  one  of  gestation.  This  method  was  100%  reliable  as  an 
indication  of  impregnation.  The  females  were  kept  in  indivi 
dual  cages  with  wire  bottoms  in  a  well  ventilated,  thermo¬ 
statically  controlled  room  at  80°F.  and  50%  humidity.  They 
were  fed  a  stock  diet  of  Purina  lab  chow  and  water  ad 
libitum.  All  the  animals  were  intubated  with  a  #8  French 
plastic  catheter  on  gestation  days  eight  thru  thirteen  and 


the  experimental  rats  received  60,000  units  (1.2  c.c.)  of 
vitamin  A,  (Aqua sol  A  -  U.  S ,  Vitamin  Corn .  )j  while  the 
control  group  received  1.2  c.c.  of  arachis  oil.  Subcutaneous 
injections  of  20  mgm.  (.8  c.c.)  of  cortisone  acetate  we re 
given  daily  to  the  experimental  rats  on  gestation  days  nine 
thru  twelve  while  the  control  rats  received  .8  c.c.  of  normal 
saline  s.c.  Pregnancy  was  allowed  to  proceed  to  term 
(22  days).  Tne  control  animals  delivered  spontaneously  under 
close  observation.  The  experimental  animals  were  anesthetized 
with  ether  and  Caesarian  sections  were  performed  because  the 
maternal  rat  will  destroy  grossly  deformed  or  dead  offspring 
if  allowed  to  deliver  spontaneously .  Offspring  from  both 
groups  were  examined  grossly  for  malformations  and  weights 
and  lengths  were  taken.  Each  fetus  was  weighed  on  a  balance 
scale  to  the  nearest  tenth  of  a  gram  within  an  hour  of 
delivery.  Lengths  were  measured  from  tip  of  snout  to  anus  on 
a  flat  surface  table,  in  millimeters.  The  deformed  fetuses 
were  then  fixed  in  formalin. 

The  charts  of  136  full-term  infants  born  from  1920-52 
with  cleft  palate  alone  or  with  other  anomalies  were  reviewed 
and  birth  weights  were  recorded  and  analyzed  statistically. 
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?ig.  1  and  2:  Photograph  of  a  slide  (stained  with  methyl¬ 
ene  blue)  of  the  sperm  plug  found  in  the  female  vagina 
following  a  successful  copulation. 
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III.  RESULTS 


In  the  first  series  of  experiments,  the  experimental 
rats  were  treated  as  described  but  with  a  preparation  of 
vitamin  A  that  evidently  was  not  potent  as  none  of  the 
animals  showed  any  signs  of  vitamin  A  effect  -  anorexia, 
dull  eyes,  listlessness,  hemorrhage,  rough  fur  or  litter 
failure , 

It  was  decided  to  try  another  preparation  of  vitamin 
A  on  the  next  series  of  nineteen  experimental  rats.  In  this 
group,  only  seventeen  survived  as  two'  rats  succumbed  during 
intubation  and  instillation  of  vitamin  A  into  the  trachea. 

In  this  group,  (Table  1)  only  three  females  carried  their 
pregnancy  to  term,  producing  thirty- two  offspring.  The 
pregnancy  rate  being  3/17  or  17.6%.  (Cohlan  reports  a 
pregnancy  rate  of  12%  when  using  only  excessive  vitamin  A 
in  210  rats)  (6).  The  eleven  normal  control  rats  had  a 
pregnancy  rate  of  100%.  (Cohlan  reported  88%  in  his  control 
group.)  The  fourteen  experimental  animals  not  going  to  term 
exhibited  vaginal  bleeding  during  the  12-15th  day  of  gesta¬ 
tion  and  the  products  of  conception  were  either  aborted  or 
reabsorbed.  The  experimental  animals  that  did  carry  the 
pregnancy  to  term  produced  thirty- two  offspring  in  which 
twenty-eight  or  87.5%  had  one  or  more  gross  abnormalities; 
62.5%  of  the  total  had  cleft  palates.  Table  2  is  a  summary 
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of  the  anomalies  found.  Many  offspring  had  multiple 
anomalies,  such  as  exencephaly,  maeroglossia ,  partially 
fused  mouths,  and  gross  eye  defects.  Photographs  3'*  h> 
and  £  are  representative  anomalies  of  the  experimental 
group.  The  uteri  of  the  experimental  animals  were  moder¬ 
ately  congested  and  the  amnionic  sacs  of  the  malformed 
fetuses  contained  blood-tinged  fluid.  The  placentas  of 
some  fetuses  had  a  yellow  cheesy  surface  that  easily  peeled 
off.  This,  however,  was  not  a  consistent  finding  in  all 
the  experimental  rats. 


Table  3  is  a  summary/  of  the  findings  in  the  control 
animals.  The  average  birth  weight  of  128  offspring  was 
5.9  gm.  The  average  birth  length  was  51  millimeters. 

Table  4  is  a  summary  of  the  findings  in  the  vitamin  A  and 
cortisone  treated  animals.  The  average  birth  weight  of 
twenty-eight  malformed  offspring  was  4.2  gm.  The  average 
birth  length  was  42  millimeters.  The  decrease  in  these 
animals  mean  weight  from  the  control  value  was  4-44  equals 

5.9 

28.8%,  and  is  statistically  highly  significant.  Likewise 

the  decrease  in  the  experimental  animals'  mean  birth 

length  was  k~  equals  17.6%  and  is  also  statistically  signi- 

61 

ficant.  Clinical  data  of  infants  born  with  cleft  palate  at 


Grace-New  Haven  Community  Hospital  from  1920-1952  is 
summarized  in  Tables  5  &  6.  Fifty-eight-  females  with  cleft 
palate  ranged  in  birth  weight  from  1,417  -  4,150  gms.  Their 


average  birth  weight  was  3083.5  gins.  Using  3232  gm,  as  the 
average  birth  weight  for  normal  white  females  and  applying 
the  "t  test",  the  results  are  t  =  2.0?6  and  P  <  0.06  (14). 
Seventy-eight  males  ranged  in  birth  weight  from  20^0  -  4989 
gm.  with  an  average  weight  of  3177*3  gm.  Using  33^5  gm.  as 
the  average  birth  weight  for  normal  white  males,  and.  apply¬ 
ing  the  "t  test",  the  results  are  t  ■  2. 506  and  P  <0.05* 
The  difference  in  the  mean  birth  weight  of  newborns  with 
cleft  palate  and  the  normal  newborn  weight  is  therefore 
statistically  significant. 
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Pnoi-ograph  3  •  Till CAL  ABNORMAL  LITTER.  Maternal  rat  intubated 
with  00,000  units  of  vitamin  A  and  injected  with  20  mgm.  of 
cortisone  during  the  7-13 th  days  of  gestation.  (Enlarged  xl.,l6) 

Normal  fetus  included  in  middle  row,  third  from  the  left  for 
comparison  of  size. 
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Photograph  ii:  Experimental  fetuses  (Enlarged  x2 ) 
Left:  Exencephaly  Eight:  "Open  Eye"  v/ith  bulging  of 


Pnotogrpn  3*  j-’eLus  oith  cleft  palate  on  left.  Formal 

palate  on  right.  (Both  mandibles  have  been  incised  for  exposure 

enlarged  x  Ij.,  _  ~ 


) 
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DISCUSSION 

If  birth  weight  of  a  newborn  is  used  as  one  measurement 
of  intra-uterine  growth,  it  appears  that  the  presence  of  an 
anomaly  (cleft  palate)  in  the  neonate  coexists  with  a  reduc¬ 
tion  of  intra-uterine  growth.  This  correlation  raises 
several  questions.  Are  lighter  embryos  more  prone  to  anomalies 
than  heavier  ones,  or  are  anomalies  and  reduced  weight  the 
result  of  a  more  severe  intra-uterine  impact  on  some  fetuses 
than  on  others?  There  appears  to  be  no  way  of  deciding  be¬ 
tween  these  and  other  possibilities.  It  has  been  demonstrated 
that  an  insult  at  a  crucial  developmental  moment  may  be 
capable  of  having  a  major  effect  on  the  fetus.  The  insult 
of  hypervitarninosis  A  and  cortisone  has  demonstrable 
teratogenic  effects  on  the  developing  embryos  when  injected 
into  pregnant  Wistar  rats.  The  role  that  the  vitamin  A  and 
cortisone  play  in  producing  the  anomalies  and  diminished 
birth  weight  is  not  well  understood  but  perhaps  not  unex¬ 
pected  in  view  of  the  demonstrated  capacity  of  cortisone 
to  retard  skeletal  growth  maturation  in  the  human  (15 ,  16). 

Woollam  believes  that  in  the  rat  the  action  of  cortisone 
is  a  general  one  and  in  some  way  serves  to  sensitize  the 
tissue  to  vitamin  A  and  to  potentiate  the  action  of  the 
vitamin  in  the  production  of  malformations  (17).  There  is 


no  evidence  that  cortisone  has  any  effect  by  itself  as 


. 
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teratogenic  agent  in  the  rat.  However,  Fainstat  has  been 
able  to  produce  cleft  palate  in  the  rabbit  by  administration 
of  cortisone  alone  and  Baxter  and  Peer  have  induced  cleft 
palate  in  mice  with  just  cortisone,  Pickman  has  demonstrated 
that  when  cortisone  is  administered  to  chick  embryos  on 
the  initial  day  of  incubation  and  two  or  three  days  after, 
there  is  a  retardation  of  growth,  and  he  believes  this  growth 
retardation  to  be  n  in  all  likelihood,  a  specific  hormonal 
effect.5'  (9,  10,  lb,  19)*  Pickman  does  not  consider  the 
cortisone  to  be  an  antagonist  to  hypophyseal  Growth  Hormone 
inasmuch  as  Hugo  observed  that  hypohysectomy  of  the  chick 
embryo  had  no  effect  on  its  growth  and  development  until 
after  the  tenth  day  of  incubation  (20). 

The  experimental  rats  failed  to  achieve  a  normal  weight 
by  a  factor  of  28.8 %  and  a  normal  length  by  17.6%.  By 
analogy  with  growth  retardation  in  the  human  this  finding 
would  support  the  contention  of  Pickman  that  the  retardation 
had  not  been  the  consequence  of  simple  deprivation  of 
growth  hormone,  but  more  likely,  perhaps,  the  consequence 
of  interference  with  normal  nutrition  of  the  fetus  by  either 
supply  of  adequate  nutrients  or  utilization  of  nutrients. 

The  many  effects  of  cortisone  upon  the  experimental 
animal  indicate  that  some  basic  process  necessary  for  the 
health  of  the  individual  cell,  and  of  the  organism  as  a  whole 
is  affected  by  this  hormone.  There  are  reports  in  the  liters 


* 

ture  of  a  disturbance  of  nitrogen  balance  and  suppression  of 
protein  synthesis  and  of  the  Mdepolymerizationn  of  the 
ribonucleic  acids  of  liver  mitochondria  and  microsomes  upon 
treatment  of  the  animal  with  cortisone  (21,  22).  The  dis¬ 
turbance  of  the  nitrogen  balance  may  be  due  to  interference 
with  functions  of  vitamin  B5,  which  is  a  coenzyme  in  the 
metabolism  of  amino  acids.  A  stimulation  of  liver  trans¬ 
aminase  activities  has  been  observed  when  rats  were  treated 
with  cortisone  (23).  Acceleration  of  specific  transaminase 
activities  may  cause  a  more  rapid  synthesis  of  certain  amino 
acids  at  the  expense  of  others,  thus  altering  the  proportions 
of  the  various  amino  acids  available  for  protein  synthesis  (23)* 
This  may  result  in  an  interference  with  protein  metabolism, 
which  in  turn  would  interfere  with  growth  in  the  embryo,  pro¬ 
ducing  congenital  anomalies.  It  is  probable  that  cortisone 
interferes  with  the  metabolic  functions  of  vitamin  A,  B5, 
folic  acid  and  riboflavin  which  are  essential  for  enzymatic 
processes  and  vital  for  normal  differentiation.  An  excess 
of  one  of  these,  e.g.  vitamin  A,  may  act  at  a  critical  normal 
developmental  period  as  an  antienzyme  or  antimetabolite  to 
interfere  with  the  net  rate  of  synthesis  of  proteins  and 
nucleic  acids  and  hence  retard,  growth  of  the  embryo. 

It  is  noteworthy  from  a  clinical  standpoint  that  the 
susceptible  critical  period  of  rapid  differentiation  sensitive 
to  teratogenic  agents  in  the  rat  corresponds  to  the  second 


. 
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to  twelfth  postconceptual  week  in  the  human.  Reports  have 
appeared  in  the  literature  where  individuals  with  cleft 
palate  were  delivered  by  mothers  who  had  received  cortisone 
therapy  during  early  pregnancy  (24.  25).  Though  we  cer¬ 
tainly  cannot,  at  present,  relate  the  observations  of  the 
teratology  of  cortisone  and  vitamin  A  excess  in  the  rat  to 
human  malformations,  the  long-term  results  of  experiments 
with  cortisone  and  various  vitamins  both  singly  and  in 
multiple  preparations,  may  dictate  caution  in  their  indis¬ 
criminate  use  during  pregnancy. 
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SUIMARY 


(1)  The  administration  of  cortisone  and  excessive  vitamin 
A  to  the  rat  during  pregnancy  results  in  offspring  with 
multiple  congenital  anomalies  and  a  reduced  birth  weight  and 
length. 

(2)  In  the  review  of  136  charts  of  children  born  with  cleft- 
palate,  the  mean  birth  weight  is  significantly  lower  than  the 
''average11  mean  birth  weight. 

(3)  Possible  mechanisms  of  action  of  the  reduced  intra¬ 
uterine  growth  and  the  teratogenic  effect  of  cortisone  and 
excess  vitamin  A  are  discussed. 


. 
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